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I n t r o d u c t i o n  

An a n a l y s i s  o f  t h e  t e c h n i c a l ,  env i ronmenta l ,  and economic c o n s t r a i n t s  
t o  expanded development o f  t he  U.S. low-rank coa l  resource  i s  i n  progress.  
The pr imary o b j e c t i v e  o f  the  s tudy  i s  t o  propose a comprehensive na t i ona l  
R&D program focus ing  on technolooy development f o r  enhanced u t i l i z a t i o n  o f  
l i g n i t e  and subbituminous coa l .  U t i l i z a t i o n  o f  these f u e l s  has expanded 
r a p i d l y  i n  recent  years  and w i l l  c o n t i n u e  t o  expand i n  l i n e  w i t h  na t i ona l  
energy p r i o r i t i e s .  Th is  w i l l  r e q u i r e  t e c h n o l o q i c a l  improvements and develop- 
ments t o  so lve  unique problems assoc ia ted  w i t h  t h e  p h y s i c a l  and chemical 
p r o p e r t i e s  o f  low-rank coa ls .  These p r o p e r t i e s  i n c l u d e  h igh  mois tu re  conten t ,  
d ispersed a l k a l i n e  minera l  m a t t e r  c o n t e n t ,  h i g h  r e a c t i v i t y ,  and low s u l f u r  
con ten t .  The m a j o r i t y  o f  coa l  R&D programs i n  t h i s  c o u n t r y  a r e  o r i e n t e d  
towards bi tuminous coa l ,  which e x h i b i t s  s i g n i f i c a n t l y  d i f f e r e n t  behavior 
i n  most e x t r a c t i o n ,  combustion, and convers ion  processes. 

(GFETC), which has the  l ead  miss ion  w i t h i n  t h e  Department o f  Energy fo r  
technology " a p p l i c a t i o n s  f o r  low-rank c o a l s . "  
GFETC must: 

The study i s  b e i n g  d i r e c t e d  by t h e  Grand Forks Energy Technology Center 

To f u l f i l l  t h i s  assignment, 

1. I d e n t i f y  t he  p r o p e r t i e s  o f  low- rank  c o a l s  t h a t  a f f e c t  t he  
a p p l i c a b i l i t y  and economics o f  techno loq ies ;  

I d e n t i f y  R&D needs unique t o  low-rank c o a l s ,  and e s t a b l i s h  
p r i o r i t i e s  based on p o t e n t i a l  impact  on expanded develop- 
ment; and 

2. 

3. Ensure t h a t  DOE 'S  coa l  R&D programs address those needs. 

H i s t o r i c a ! l y ,  GFETC has focused on l i g n i t e  R&D, p r i m a r i l y  on Nor thern  Great 
P la ins  l i g n i t e .  Th i s  has i n c l u d e d  proqrams i n  coa l  combustion, p repara t ion ,  
1 i que fac t i on ,  g a s i f i c a t i o n ,  and environmental  c o n t r o l  techno loa ies .  
Center has a l s o  sponsored a b i e n n i a l  l i q n i t e  Symposium. designed t o  encourage 
t h e  t r a n s f e r  o f  low-rank coa l  technology d a t a  between government, i ndus t r y ,  
and academia (1,2). The present  s t u d y  was i n i t i a t e d  as a means t o  i d e n t i f y  
o t h e r  needed R&D areas assoc ia ted  wi th  t h e  whole spectrum o f  U.S. low-rank 
coals.  

major l i g n i t e  and subbi tuminous coa l  d e p o s i t s  i n  t h i s  count ry ,  and i n c l u d i n q  

The 

As a r e s u l t ,  t he  scope o f  t h e  s tudy  i s  broad, encompassing a l l  of the 
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some a t t e n t i o n  t o  pea t  as w e l l .  The t e c h n i c a l  a n a l y s i s  i nc ludes  assess- 
ment o f  resources; technologies,  f r o m  e x t r a c t i o n  th rough  f i n a l  u t i l i z a t i o n  
( i n c l u d i n g  environmental c o n t r o l  1; and r e g u l a t o r y ,  env i ronmenta l  impact, 
and market f a c t o r s .  
assessments p l u s  a rev iew  o f  c u r r e n t  R&D programs, cos ts ,  and impacts. 

The REO requi rements d e f i n i t i o n  w i l l  be based on these 

Study Approach 

The study aoproach i s  summarized i n  Table 1, which shows the e i g h t  
major tasks o r  areas o f  i n v e s t i g a t i o n .  
r e l a t i v e  emphasis be ing  p laced  on these va r ious  tasks ,  t he  percentage o f  
the t o t a l  c o n t r a c t  f u n d i n g  a l l o c a t e d  t o  each task  i s  i n d i c a t e d  on t h e  
t a b l e .  

As a rough i n d i c a t o r  o f  the 

The i n i t i a l  task,  l a b e l l e d  "Development Scenar ios, "  i nc ludes  a 
l i t e r a t u r e  review, d e f i n i t i o n  o f  key i ssues  and a n a l y t i c a l  methodologies, 
and establ ishment  o f  t he  s t u d y ' s  data base. I n  Task 2,  the U.S. low- 
rank coal  resources a r e  b e i n q  d e f i n e d  i n  terms o f  t h e i r  occurence, 
q u a n t i t y  , q u a l i t y  , c h a r a c t e r i s t i c s  , and p h y s i c a l  /chemi c a l  p r o p e r t i e s .  An 
e f f o r t  i s  be ing  made t o  c l a s s i f y  t h e  resources acco rd ing  t o  t h e i r  behavior  
i n  various u t i l i z a t i o n  processes, which i n f l u e n c e s  t h e i r  development po- 
t e n t i a l .  Th i s  e f f o r t  i s  c l o s e l y  t i e d  t o  Task 3, t h e  technoloay eva lua t i on .  
A comprehensive l i s t  o f  t echno log ies  a p p l i c a b l e  t o  low-rank c o a l s  i s  be ing  
evaluated t o  ensure t h a t  t he  r e s u l t i n g  D r e l i m i n a r y  RED "wish l i s t ' '  i s  as 
exhaustive as p o s s i b l e .  

Table 1 
Major  Tasks i n  t h e  Low-Rank Coal Study 

1. Low-Rank Coal Development 5. Envi ronmenta l  Impact Ana lys i s  (3Y) 
Scenarios ( 6 % )  5.1 Land Use/Reclamation 
1.1 L i t e r a t u r e  Review 5.2 A i r  Q u a l i t y  
1.2 Technology O e f i n i  t i o n s  5.3 Water Q u a l i t y  
1 .3 Re gu 1 a t  o ry/E n v i ronme n t a 1 / 5.4 E c o l o g i c a l  E f f e c t s  

1.4 Low-Rank Coal Data Base 

2.1 Occurrence 6.1 E x i s t i n g  Markets  and Pene t ra t i on  
2.2 P r o p e r t i e s / C h a r a c t e r i s t i c s  6 . 2  P o t e n t i a l  Markets 
2.3 C1 a s s i  f i c a t i o n  

3. Technology E v a l u a t i o n  (42%) 7. ROED Program Eva lua t i on  (11%) 
3.1 E x t r a c t i o n  7.1 D e f i n i t i o n  and P r i o r i t i e s  
3.2 T ranspor ta t i on  Systems 7 . 2  Review o f  Cur ren t  RDED Programs 
3.3 P repara t i on  and Storage 7.3 Cost  and Impact Ana lys i s  
3.4 Process ing and U t i l i z a t i o n  
3.5 Environmental Con t ro l  Technology 

4. Regulatory  Requirements/Con- 8. Task Force U t i l i z a t i o n  (204) 
s t r a i n t s  (4.;) 8.1 Development Scenarios Eva lua t i on  
4.1 D e f i n i t i o n  8.2 Technica l  A n a l y s i s  Eva lua t i on  
4.2 Roadmap 8.3 RD&D Program D e f i n i t i o n  
4.3 E f fec ts  on Development 8.4 RDED Program Impacts and 

Narket  D e f i n i t i o n s  5.5 Socio-Economic E f f e c t s  

2 .  Resource C h a r a c t e r i z a t i o n  (8';) 6. Marke t  A n a l y s i s  ( 6 4 )  

R e c o m n d a t i  ons 
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I n  a d d i t i o n  t o  these p u r e l y  t e c h n i c a l  c o n s i d e r a t i o n s ,  t h e r e  a re  
var ious s o c i a l ,  economic, and e n v i r o n v e n t a l  f a c t o r s  i n  the reg ions  con- 
t a i n i n g  low-rank coa ls  t h a t  w i l l  a f f e c t  t he  development o f  these resources. 
These factors  a re  the  s u b j e c t  o f  Tasks 4 ,  5 ,  and 6. Each o f  these analyses 
i s  be ing conducted on a r e g i o n a l  bas i s ,  w i t h  d e t a i l e d  c a l c u l a t i o n s  be ing  
made fo r  a few c a r e f u l l y  s e l e c t e d  examples, i n  c o n t r a s t  t o  t h e  more compre- 
hensive approach be ing  u t i l i z e d  i n  Tasks 2 and 3. 

a c t i v i t i e s  necessary t o  s t i m u l a t e  the  e f f e c t i v e  development and u t i l i z a t i o n  
of low-rank coals  i n  t h i s  coun t ry .  Th i s  w i l l  be done i n  l i g h t  o f  the p resen t  
r e l a t e d  governmental and i n d u s t r i a l  research  and development e f f o r t s ,  and 
w i l l  i n c l u d e  a p r e l i m i n a r y  a n a l y s i s  o f  c o s t s  and impacts o f  t h e  proposed 
program. The p r a c t i c a l  d i f f i c u l t i e s  o f  e v a l u a t i n g  and rank ing  R&D p r o j e c t s ,  
even when the most r i g o r o u s  d e c i s i o n l a n a l y t i c a l  techniques a r e  used, a re  
g rea t  b u t  do n o t  d i m i n i s h  the need f o r  t h i s  t yoe  o f  exe rc i se .  

Because o f  t he  scope and d i f f i c u l t y  o f  t h e  e f f o r t ,  we have e n l i s t e d  
a task fo rce  o f  recognized exper t s  on t h e  t e c h n i c a l  and r e p i o n a l  issues 
germane t o  the s tudy t o  meet w i t h  the  s tudy  team a t  f o u r  c r i t i c a l  p o i n t s .  
A t  the p e r i o d i c  formal  rev iew meetings, i n t e r i m  r e s u l t s  a r e  d iscussed and 
dec is ions are made r e a a r d i n g  emphasis, p r i o r i t i e s ,  and methodologies f o r  
t he  ana lys i s .  I n  p a r t i c u l a r ,  t h e  task f o r c e  w i l l  p a r t i c i p a t e  a c t i v e l y  i n  
the  development o f  R&D recommendations. Th is  t a s k  f o r c e  u t i l i z a t i o n  e f f o r t  
i s  l i s t e d  on Table 1 as Task 8. 

I n  Task 7, we w i l l  d e f i n e  and e s t a b l i s h  p r i o r i t i e s  f o r  t h e  R&D 

The schedule f o r  the s tudy i s  June 1979 through June 1980, and i s  such 
t h a t  p r e l i m i n a r y  R&D recommendations w i l l  be i n  the  f o r m u l a t i o n  s tage a t  the 
t ime o f  the American Chemical Soc ie ty  mee t ing  i n  l a t e  March. The authors 
expect t o  summarize some o f  t he  key conc lus ions  and recommendations o f  t he  
study a t  t h a t  t ime.  I t i s  n o t  p o s s i b l e  t o  do so i n  t h i s  p r e p r i n t  because 
t h e  work i s  i n  progress.  Therefore,  t h e  remainder o f  t h i s  paper p rov ides  
some p r e l i m i n a r y  f i n d i n g s  and background i n f o r m a t i o n  on some o f  the  s tudy 
areas. 

Occurrence and Proper t i es  o f  Low-Rank Coals 

The l o c a t i o n s  o f  the major l i g n i t e  and subbituminous coa l  deposi ts  i n  
t h e  U.S. a re  shown i n  F i g u r e  1,  and the  magnitude o f  t h e  resources conta ined 
i n  the l a r g e s t  low-rank c o a l - b e a r i n g  reg ions  i s  i n d i c a t e d  i n  Table 2. The 
two major l i g n i t e - b e a r i n g  areas a r e  the  F o r t  Union Region and the  G u l f  Coast 
L i g n i t e  Region, w i t h  the  predominant sur face-minable reserves be ing  i n  t h e  
s ta tes  o f  Nor th Dakota, Montana, and Texas. The l a r g e s t  subbituminous coa l  
deposi ts  a re  i n  the  Powder R ive r  Reqion o f  Montana and Wyoming, t he  San Juan 
Basin o f  New Mexico, and i n  Nor the rn  Alaska. Whether one cons ide rs  the t o t a l  
i d e n t i f i e d  resources (ove r  one t r i l l i o n  t o n s )  o r  j u s t  t h e  s t r i p p a b l e  reserve 
base (over  100 b i l l i o n  t o n s ) ,  t he  p o t e n t i a l  supp ly  o f  energy f rom . low-rank 
coals  i s  enormous. 
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Figure 1 
United States Low-Rank Coal Resources 
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Table 2 
Ma jo r  U n i t e d  S t a t e s  Low-Rank Coal Regions 

I d e n t i f i e d  
Predominant Resources, 

Reqion Coal Rank B i l l i o n  Shor t  Tons 

F o r t  Union Region L i g n i t e  465.3 
Powder R i v e r  Region Subbituminous 238.1 
San Juan Basin Subbituminous 50.6 
Nor thern Alaska Subbituminous 100.9 
Gulf Coast L i g n i t e  L i g n i t e  68.3 
Others (see F iq.  1 )  Subbituminous, 165.2 

Sources: References 3-9 

some L i g n i t e  
1,088.4 

S tri ppabl e 
Reserve Base, 
B i l l i o n  Shor t  Tons 

31.9 
57.5 

1.8 
5.0 

11.6 
0.9 

108.7 

- 

The d i s t i n g u i s h i n g  p r o p e r t i e s  o f  low-rank coa ls  a r e  d e r i v e d  f rom t h e i r  
fundamental ,composit ion. 
t i n c t i v e  and chemica l l y  d i f f e r e n t  o r g a n i c  m a t e r i a l s  (macera ls)  and i n o r g a n i c  
ma te r ia l s  (m ine ra l s ) .  
degree t o  which geo log ic  a1 t e r a t i o n  processes (metamorphism) have af fected the 
p roper t i es  o f  t he  o rgan ic  substances. I n  t h i s  sense, rank c l a s s i f i c a t i o n  i s  
independent o f  i n o r g a n i c  con ten t ;  neve r the less ,  U.S. low-rank coa ls  do e x h i b i t  
c h a r a c t e r i s t i c  d i f f e r e n c e s  f rom h igh - rank  c o a l s  i n  t h e i r  minera l  m a t t e r  con ten t  
and the re fo re  i n  t h e i r  ash p r o p e r t i e s .  This  i s  a p p a r e n t l y  a c o i n c i d e n t a l  o r  
i n d i r e c t  r e l a t i o n s h i p  caused by t h e  r e s p e c t i v e  geo log ic  ages and aeographic 
l oca t i ons  o f  t he  U.S. low-rank coa ls  and h igh - rank  coa ls  ( 1 0 , l l ) .  

coals  are summarized i n  Table 3 .  
samples o f  e s s e n t i a l l y  pu re  v i t r i n i t e ,  which i s  t h e  predominant maceral i n  U.S .  
coals  (10 ) .  
h a v i o r  i n  e x t r a c t i o n ,  u t i l i z a t i o n ,  o r  convers ion processes; t he  most n o t i c e a b l e  
p roper t i es  are t h e  h i g h  i n h e r e n t  m o i s t u r e  and oxygen con ten ts  o f  low-rank coa l  
macerals, and t h e i r  corresponding l ow  h e a t i n g  values. 

res idue l e f t  a f t e r  complete i n c i n e r a t i o n  o f  t h e  combust ib le  c o n s t i t u e n t s .  
ash compounds a re  r e p o r t e d  as ox ides ;  however, t hey  may a c t u a l l y  occu r  as a 
m ix tu re  o f  s i l i c a t e s ,  ox ides,  and s u l f a t e s  (11) .  Due t o  the wide v a r i a t i o n s  
i n  coal ash composi t ion,  t he  da ta  a r e  presented as ranges. A n o t a b l e  t r e n d  
i s  the h i g h e r  p r o p o r t i o n  o f  t h e  a l k a l i  components CaO, NgO, and Na20 i n  low- 
rank coals .  The a c i d i c  components Si02 and A1203 a r e  more prominent  i n  t h e  
h ighe r  rank coa ls .  The g e n e r a l l y  h i g h e r  p r o p o r t i o n s  o f  SO3 i n  low-rank coa l  
ash r e f l e c t  t he  h i g h  r e t e n t i o n  o f  coa l  s u l f u r  by the  a l k a l i n e  ash, which 
averages 78% f o r  l i g n i t e s ,  26% f o r  subbituminous coa l ,  and 10% f o r  t h e  gen- 
e r a l l y  h ighe r  s u l f u r  b i tuminous c o a l s  (11). 

Coals a r e  complex aggrega t ions  o f  p h y s i c a l l y  d i s -  

S t r i c t l y  speaking, t h e  rank o f  coa l  expresses o n l y  t h e  

Some impor tan t  p r o p e r t i e s  o f  t h e  o r g a n i c  and i n o r g a n i c  f r a c t i o n s  of U.S. 
The da ta  on o r g a n i c  con ten t  are based on 

A l l  o f  t he  p r o p e r t i e s  l i s t e d  have an impact  on the c o a l ' s  be- 

The data on m ine ra l  m a t t e r  c o n t e n t  a re  r e p o r t e d  as ash, which i s  t h e  
The 
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Table 3 
Selected Analyses 3’; U.S.  Coals of Different Ranks 

Organic Content 
(V i t r in i t e  Samples) Lignite Subbituminous Bituminous Anthracite 

< j  _ _  Moisture Capacity, W t . %  <O 25 I U  
Carbon, Wt . Z  DMMF* 69 74.6 83 94 
Hydrogen, W t . %  OMMF 5.0 5.1 5.5 3.0 
Oxygen, Wt.% DMMF 24 18.5 10 2 .5  
Vol. Mat., Wt.:! OElMF 53 48 38 6 
Aromatic C/Total C 0.7 0.78 0.84 1 .o 
Density (He, g/cc) 1.43 1.39 1.30 1.5 
Grindabil i t y  (Hardgrove) 48 51 61 40 
Btu/l b ,  OMMF 11,600 12,700 14.700 15,200 

Inorganic Content 
(Weight % of Total ASTM Ash) 

A1 kal i 

6-40 
4-26 
1-34 

.O- .8 

.o-1 
1 2 . 4 - 5 2  
2.8-14 
.2 -28  
. l -1 .3  
8.3-32 

17-58 
4-35 
3-1 9 

.6-2 

.O-3 
2.2-52 

.5-8 

3.0-16 

7-68 
4-39 
2-44 

.5-4 

.O-3 

.7-36 

. l -4 

.2-3 

.2-4 

.l-32 

48-68 
25-44 
2-10 
1-2  

.l -4 

.2-4 

.2-1 

0.1-1 

*Dry. mineral -matter-free bas i s .  

Sources: References 10 a n d  11 

These mineral matter proper t ies  of U.S. low-rank coals have wide-ranging 
e f f ec t s ,  such as :  
high sodium content;  2 )  high f l y  ash r e s i s t i v i t y ,  thus r e l a t ive ly  poor ESP 
performance; 3)  unique opportunities f o r  su l fu r  removal, such as ash-alkali 
wet scrubbing, dry scrubbing, and ash rec i rcu la t ion  in f lu id  bed combustors; 
and 4 )  ca t a ly t i c  e f fec ts  on ce r t a in  reac t ions  such as coal hydrogenation 
( l iquefac t ion) .  

low su l fu r  content,  as shown in  Table 4. 
from a dry to  an as-mined bas i s ,  about 90 percent of the reserve base of U.S. 
low-rank coal i s  shown t o  have l e s s  than one percent su l fu r  (13).  

1 )  high fouling r a t e s  on boi le r  tubes, primarily linked t o  

One additional cha rac t e r i s t i c  of U.S. low-rank coal i s  i t s  typ ica l ly  
When these percentages a re  converted 
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Table 4 
D i s t r i b u t i o n  o f  U . S .  Low-Rank Coal Reserve Base by  S u l f u r  Content 

Su l fu r  Content, 
Z (Dry Basis)  1.0 o r  Less 1.1-1.8 1.8-3.0 Over 3.0 Total 
Sub b i tumi nous 89.5 8.1 2.0 0.4 100.0 
L i g n i t e  40.7 33.4 23.4 2.5 100.0 

Source: Reference 12 

U t i l i z a t i o n  and Processes 

Present use o f  low-rank coa l  i s  concen t ra ted  i n  e l e c t r i c  u t i l i t y  steam 
generat ing u n i t s  f e d  by sur face-mined coa l .  Th i s  convent ional  a p p l i c a t i o n  
o f  the resource i s  e x p e r i e n c i n g  r a p i d  change. 
d i c a t e ,  e x i s t i n g  smal l  s t o k e r  and c y c l o n e - f i r e d  u n i t s  have g iven way t o  very 
l a r g e  p u l v e r i z e d - c o a l - f i r e d ,  d r y  bo t tom furnaces. A l l  o f  t he  new p l a n t s  w i l l  
i nco rpo ra te  SO2 removal systems as mandated by the  r e c e n t l y  i ssued  New Source 
Performance Standards (see F i g u r e  2 ) .  The same r e g u l a t i o n  a l s o  r e q u i r e s  
h i g h l y  e f f e c t i v e  p a r t i c u l a t e  removal systems, and combustion system modi- 
f i c a t i o n s  t o  meet NOx emiss ion  l i m i t s ,  i n  a l l  new o r  m o d i f i e d  e l e c t r i c  
u t i l i t y  steam genera t i ng  u n i t s  l a r g e r  than about 25 MWe (250 m i l l i o n  
B tu /h r .  i n p u t ) .  

As the  data i n  Table 5 i n -  

The dominat ing near - te rm R&D issues f o r  low-rank coa ls  r e v o l v e  around 
the  environmental c o n t r o l  t echno log ies  t h a t  a re  be ing  developed t o  meet these 
requirements. 
requi rement  shown i n  F i g u r e  2 (which t r a n s l a t e s  t o  a 70% removal requi rement  
f o r  the m a j o r i t y  o f  low-rank c o a l s )  was i n s t i t u t e d  f o r  the express purpose o f  
encouraging the  f u r t h e r  development o f  d r y  sc rubb ing  techniques f o r  low- and 
medium-sulfur coa ls  (14) .  
scrubbing p lus the  use o f  baghouses f o r  p a r t i c u l a t e  removal has a number of 
apparent advantapes ove r  t o d a y ' s  wet scrubber/ESP systems, and appears t o  be 
s t r o n g l y  encouraged by t h e  NSPS. 
w i t h  such systems p rov ides  ample o p p o r t u n i t y  f o r  w e l l - d i r e c t e d  R&D. 
scrubbers ( p a r t i c u l a r l y  a s h - a l k a l i  systems f o r  low-rank c o a l s )  and e l e c t r o -  
s t a t i c  p r e c i p i t a t o r s  (combined w i t h  novel c o n d i t i o n i n g  o r  removal dev ices)  
w i l l  bo th  con t inue  t o  have a p p l i c a t i o n s  f o r  s p e c i f i c  coa ls ;  however, many 
problems r e l a t i n g  t o  enhanced removal e f f i c i e n c i e s ,  s ludge d i sposa l ,  s u l f a t e  
and s u l f u r i c  a c i d  m i s t  c a r r y o v e r ,  and t r a c e  element emissions, remain t o  be 
solved. 
f o r  NOx c o n t r o l  a l s o  need RED. F i n a l l y ,  t he  task  o f  i n t e g r a t i n g  the s tudy of 
these i n t e r r e l a t e d  problems and o p p o r t u n i t i e s  through a systems eng ineer ing  
approach i s  j u s t  beginn ing,  f o r  example i n  t h e  E P R I  Arapahoe program (15) .  

i n  burn ing l i g n i t e s  and subbi tuminous c o a l s .  
f i e d  a s  t he  most i m p o r t a n t  o f  a number o f  f a c t o r s  t h a t  c o n t r i b u t e  t o  the  
f o u l i n g  problem. 
i nc lude :  
e x i t  temperature; 2 )  r e s t r i c t i o n s  on the  sodium l e v e l  i n  the coa l  by s e l e c t i v e  
mining, b lend ing  and upgrading,  3 )  the use o f  a d d i t i v e s ;  and 4 )  p o s s i b l y  the 
use o f  o v e r f i r e  a i r  w i t h  f u e l - r i c h  burners (16 ) .  

I n  the a rea  o f  SO2 c o n t r o l ,  the v a r i a b l e  percentage removal 

The combined s tack  gas c l e a n i n g  s t r a t e g y  o f  d r y  SO2 

However, t he  l ack  o f  o p e r a t i o n a l  exper ience 
Wet 

P o t e n t i a l  o p e r a t i n g  problems assoc ia ted  w i t h  combustion m o d i f i c a t i o n s  

Ash f o u l i n g  o f  b o i l e r  tubes cont inues t o  be a major  problem encountered 
Sodium con ten t  has been i d e n t i -  

The p o s s i b l e  c o n t r o l  methods t o  decrease chances o f  f o u l i n g  
1 )  b o i l e r  des igns i n v o l v i n g  low volume hea t  r e l e a s e  and low furnace 
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Tab le  5 
U.S. Low-Aank C o a l - F i r e d  E l e c t r i c  Power P l a n t s  

Fue 1 L i g n i t e  
L o c a t i o n  

- -  No. P i a n t s ,  Capaci ty - 
Operat ing  P lan ts  (1979) 19 

Furnace: PC 8 
S toker  7 
Cyclone 4 
Unknown 

Limes tone 5 
A s h - A l k a l i  2 
Spray Dryer  2 

ESP 16 
Baghouse 
Mechanical 5 
Unknown 7 

Wet Scrubber: 

P a r t i c u l a t e  Removal: 

P l a n t s  Under C o n s t r u c t i o n  
and Announced 6 
Furnace: PC 6 

S toker  
Cyclone 
Unknown 

Limestone 
Ash-A1 k a l  i 
Spray Dryer  

P a r t i c u l a t e  Removal : 
ESP 
Baghouse 
Mechanical 
Unknown, ECT 

Wet Scrubber: 

3.357 
1,614 

205 
1,538 - -  
1,720 

670 
71 6 

3,329 

210 
72 

1,947 
1.997 

1,050 

1,100 
a80 

- -  

- _  
- -  

- -  

- -  
- -  
- -  
410 

11 
11 

5 

11 
2 

18 
9 

9 

8 

9 

14 

5,660 
5,660 - -  
- -  - -  

3,575 - -  
- -  

5,660 
1,150 - -  
- -  

10,390 
5,175 - -  
- -  

5,215 

4,600 - -  - -  
5.175 - -  
- -  

8,675 

Subbituminous Coal 
West Midwest 

No. MWe No. __ MWe 
- 
- -  
20 
20 

12 

17 

2 

5 
4 

1 

1 

2 
1 

2 

7,389 79 
7.389 58 

9 
7 
5 

3,783 10 
4 

- -  
- -  
- -  

- -  
- -  - 

7,192 48 

230 21 
5 

1,349 34 
1,249 2 

6 
100 1 

25 

1 
- -  5 
330 - 
450 - 
350 - 

3 
589 31 

a - -  
- -  

- -  
- -  
- -  

- -  

1 n ,627 
6,705 

97 
1,265 
2,560 

3,477 
2,116 - -  
7,131 
1,788 

518 
1.929 

15,372 
1.100 

107 
200 

13,004 

800 
3,100 - -  
- -  
- -  

18 
15,934 

Numerous advanced t e c h n o l o g i e s  a r e  b e i n g  pursued i n  a wide range o f  
government and i n d u s t r y  R&D programs. 
t r i b u t e  t o  enhanced u t i l i z a t i o n  o f  low-rank c o a l s  i n  the  f u t u r e .  
o f  the abundant t h i c k ,  deep coal  seams i n  the  western U.S. w i l l  e v e n t u a l l y  be 
pursued. A v a r i e t y  o f  techniques, i n c l u d i n g  advanced longwal l  and i n  s i t u  
conversion systems (such as underground coa l  g a s i f i c a t i o n ) ,  a r e  c u r r e n t l y  
be ing  researched. 

a p p l i e d  t o  U.S. low-rank coa ls  because o f  c o s t  c o n s i d e r a t i o n s  and the  r e l a -  
t i v e l y  low ash c o n t e n t  o f  t he  c o a l s .  
i n  low-rank c o a l s  tends t o  be h i g h l y  d i s p e r s e d  and/or o r g a n i c a l l y  bound means 
t h a t  t y p i c a l l y  o n l y  15-30% o f  t h e  m i n e r a l  m a t t e r  i s  separable i n  a carbon 
t e t r a c h l o r i d e  f l o a t - s i n k  s e p a r a t i o n  ( 1 7 ) .  
mo is tu re  c o n t e n t  which i s  a l s o  bound i n  t h e  coa l  s t r u c t u r e .  Upon d r y i n g ,  the  

Many o f  these techno log ies  w i l l  con- 
E x t r a c t i o n  

Coal c l e a n i n g  and p r e p a r a t i o n  techniques have h i s t o r i c a l l y  n o t  been 

The f a c t  t h a t  most o f  t he  minera l  m a t t e r  

L i g n i t e  i s  c h a r a c t e r i z e d  by h i g h  
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1 s t r u c t u r e  o f  low-rank coa l  tends t o  change and t o  produce s m a l l e r ,  
p a r t i c l e s  which may be e i t h e r  h i g h l y  o x i d i z e d  (when a i r - d r i e d )  o r  h i g h l y  re -  
a c t i v e  (when i n e r t - d r i e d )  ( 1 8 ) .  Never the less ,  w i d e r  geographic m a r k e t a b i l i t y  
and improved o v e r - a l l  process economics c o u l d  p o t e n t i a l l y  be achieved if 
e n e r g y - e f f i c i e n t  techniques f o r  s e l e c t i v e  removal o f  m o i s t u r e  o r  minera l  mat- 
t e r  were devel oped. 

f r i a b l e  1 

\ 

) 

I 

Flu id ized-bed combust ion (FBC) systems a r e  r e c e i v i n g  major  emphasis as 
the  p o t e n t i a l  n e x t  g e n e r a t i o n  o f  i n d u s t r y ,  and p o s s i b l y  u t i l i t y ,  b o i l e r s .  
most a l l  major p r o j e c t s  a re  u t i l i z i n g  b i tuminous  c o a l .  
good apparent f i t  w i t h  low-rank c o a l s  because o f  t h e i r  i n h e r e n t  s u l f u r  ab- 
s o r p t i o n  c a p a b i l i t y .  
i n g  i n  Texas, which has a h i g h  c o n c e n t r a t i o n  o f  i n d u s t r y  f u e l  users jux taposed 
wi th  la rge  l i g n i t e  d e p o s i t s .  Some o f  t he  FBC research  needs s p e c i f i c  t o  low- 
rank coals i n c l u d e  s e l e c t i o n  o f  bed m a t e r i a l s ,  use o f  ash r e c y c l e ,  c o n t r o l  o f  
ash agglomerat ion,  and p o s s i b l e  c o r r o s i o n / e r o s i o n  problems. 

I n  the  h i g h l y  v i s i b l e  s y n f u e l s  area, none o f  t he  major  deve lop ing  U.S. 
processes f o r  1 i q u e f a c t i o n  o r  g a s i f i c a t i o n  appears t o  be o p t i m i z e d  o r  t a i l o r e d  
t o  t h e  unique p r o p e r t i e s  o f  low-rank coa ls ,  w i t h  the  p o s s i b l e  except ion  of t h e  
CO Acceptor g a s i f i c a t i o n  process. Low-rank c o a l s  a r e  w e l l  s u i t e d  f o r  f i x e d -  
be8 g a s i f i c a t i o n  because t h e y  do n o t  agglomerate o r  cake when heated. 
h igh  i n h e r e n t  mo is tu re  c o n t e n t  o f  low-rank coa l  has a v a r i e t y  o f  e f f e c t s  on 
g a s i f i c a t i o n  processes. 
i s  recovered. 
p r e - d r y i n g  o f  t he  coa l  can produce an excess ive  amount o f  f i n e s  which cannot 
be inc luded i n  feed f o r  f i x e d - b e d  r e a c t o r s .  Large volumes o f  gas l i q u o r  may 
be produced, a f f e c t i n g  waste water  t r e a t m e n t  requirements.  
p l u s  the  r e a c t i v e  n a t u r e  o f  low-rank coa ls  and t h e  presence o f  c a t a l y t i c a l l y  
a c t i v e  minera l  m a t t e r ,  j u s t i f y  the  need f o r  development o f  low-rank coa l  spe- 
c i f i c  processes (19 ) .  

Coal l i q u e f a c t i o n  processes a l s o  need t o  be adapted t o  spec ia l  problems 
posed by low-rank coa ls .  
oxygen) a f f e c t s  l i q u e f a c t i o n  chemis t ry .  
carbon monoxide p r o v i d i n g  t h e  b a s i s  f o r  development o f  processes u s i n g  syn thes is  
gas i ns tead  o f  more expensive hydrogen. 
pressure.  
c o l l a p s e  o f  t he  pore s t r u c t u r e  (20 ) .  The spec ia l  forms o f  low-rank coal  minera l  
m a t t e r  may c a t a l y z e  l i q u e f a c t i o n  r e a c t i o n s ;  t h e y  can a l s o  l e a d  t o  f o r m a t i o n  
o f  ca lc ium carbonate d e p o s i t s  i n  the  r e a c t o r s .  V i s c o s i t y  o f  t h e  d i s t i l l a t i o n  
bottoms i s  h i g h e r  f o r  low-rank coa ls ,  which a f f e c t s  process des ign  and opera- 
b i l i t y  (21) .  A l l  o f  these f a c t o r s  a f f e c t  t he  o p t i m i z a t i o n  o f  r e c y c l e  s o l v e n t  
composi t ion and produc t  s e p a r a t i o n  techniques, which a r e  i m p o r t a n t  research  
areas f o r  l i q u e f a c t i o n  processes i n  genera l .  

A l -  
The technology has a 

A p a r t i c u l a r l y  p romis ing  market appears t o  be develop- 

The 

P l a n t  water  requ i rements  may be lower  i f  coa l  mo is tu re  
High m o i s t u r e ,  however, can cause heat  balance problems and 

These f a c t o r s ,  

The h i g h  c o n t e n t  o f  f u n c t i o n a l  groups ( p a r t i c u l a r l y  
Low-rank c o a l s  r e a c t  v e r y  r a p i d l y  w i t h  

H igh  m o i s t u r e  c o n t e n t  adds t o  r e a c t o r  
D r y i n g  can d e a c t i v a t e  the  coa l  because o f  s u r f a c e  o x i d a t i o n  and 
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